ABSTRACT
While exposure to toxic (high-level) doses of heavy metals was examined thoroughly, relatively little data is available with regard to chronic exposure, particularly lifelong conditions [24, 30] . There are almost no references in the literature regarding the effects of chronic exposure to very low doses of heavy metals involving multigenerational studies [18] . The problematic issue is the contamination of water and food with very low concentrations of these toxic heavy metals [10] . With chronic exposure to low doses, it is difficult to predict the consequences not only for those who are directly exposed, but also for future generations.
This fact motivated us to conduct multigenerational studies of chronic exposure to sub-toxic (low-level) doses of heavy metals such as in the reproductive experiments presented here. In this study we monitored the reproductive success of rats from the first filial generation whose parents were also exposed to low doses of heavy metals by comparing the number of litters, the number of new-borns, and the number of weanlings.
MATERIALS AND METHODS

Animals
This investigation was carried out on 200 Wistar rats (100 males and 100 females of F1 generation) aged four weeks-(F1) generation of rats and their progeny to age of 28 days. Ten groups of rats were formed according to exposure to heavy metals, including one control group without exposure. The rats were exposed to low doses of heavy metals in the drinking water.
After 28 days, the rats were transferred to another study site as representatives of the second filial (F2) generation.
The rats were kept in polyethylene cages, one male and one female with free access to water and food in an air-con- 
Statistical methods
The statistical significance was examined by the Student's t-test or one-way analysis of variance (ANOVA) with the Newman-Keuls post hoc test. The significance was set to P < 0.05.
RESULTS
Our research encountered some problems with the evaluation of its results. It was difficult to determine whether the exposure was low-, medium-, or high-dose exposures or whether it was acute or chronic exposures. According to L u k a č i n o v á et al. [19] , exposure to heavy metals in drinking water in our experiment should be classified as a low-dose exposure, as it is at a level normally found in the environment. Toxicological exposure parameters are presented in Table 2 . Exposure assessment and the subsequent health risks are the most important steps in environmental toxicology. The basic unit is ADD (average daily dose). The reproductive period (the period with litters) in this inves- Table 3 .
The number of litters in the groups exposed to mercury and cadmium were higher compared to the control, whereas in the groups exposed to lead, the number of lit- The number of newborns was the highest in the groups exposed to mercury and was also significantly higher in the group in which only females were exposed to lead. In the group exposed to cadmium, the number of newborns was similar to that of the control group. Interestingly, in the group with only females exposed to mercury, the number in drinking water or daily 0.022 mg kg -1 bw of mercury by gavage, respectively); Cd -exposure to cadmium (2.0 mg Cd.l -1 in drinking water or daily 0.17 mg kg -1 bw of cadmium by gavage, respectively); W -percentage of weanlings from the total number of newborns; bw -body weight; * -significance P < 0.05 against to C group; ** -significance P < 0.0001 against to C group; + -significance P < 0.05 against to Pb, Hg, and Cd group, respectively; ++ -significance P < 0.0001 against to Pb, Hg, and Cd group, respectively; x -significance P < 0.05 between F and M in same exposed groups; xx -significance P < 0.0001 between F and M in same exposed groups.
of newborns was lower but in the group with only males exposed to mercury, the number of newborns was higher.
The opposite was seen in the groups exposed to lead, where in the PbF group the number of newborns was higher in compared to the PbM group, where it was lower (Fig. 1) .
The number of newborns per litter and the percentage of weanlings from newborns during the reproductive period is shown in Figs. 2 and 3. 
DISCUSSION
The data indicated a difference in the sensitivity to various toxic heavy metals between the sexes [11, 31, 33] . The higher numbers of litters and newborns have led us to believe that in this case there is some adaptive response [7, 23 ] to the increased background of toxic heavy metals in The number of newborns per litter is one of the most commonly used indicators of reprotoxicity [9] . It was surprising that the highest number of newborns per litter was observed in the group exposed to lead, even though the number of litters was the lowest. Compared to the control group, only in Pb and PbM groups the difference was significantly (P < 0.05) higher; the other groups did not differ significantly (Fig. 2) . In our opinion, this is related to a hormetic effects after exposure to low doses of heavy metals [5, 15, 16] . The nature of hormesis was described in detail by C a l a b r e s e [6].
A very important parameter of reproductive toxicity is the number of weanlings (individuals who live up to day 28 of life) and especially the percentage of weanlings from the number of newborns in the litter. At the end of the experiment, the lowest numbers of weanlings were in groups exposed to mercury, followed by those in groups exposed to lead. The number of weanlings in groups exposed to cadmium was comparable to that in the control group.
The highest percentage of weanlings was found after exposure to cadmium, which was comparable to the control group. The lowest percentages of weanling were found after exposure to mercury and lead (P < 0.05). After exposure to mercury and lead in groups with only male exposure, unexposed females took care of the offspring and may account for the significantly higher percentage of weanlings (P < 0.05) compared to groups with only female exposure or with both male and female exposure. The exposed females are less effective at taking care of the offspring (Fig. 3) 
CONCLUSIONS
The knowledge obtained during our study allows us to state that the reproductive success after chronic (lifetime) exposure to low doses of toxic heavy metals in drinking water may involve a number of biological mechanisms:
1. Adaptation to a toxic environmental background results in an increase in the number of litters and newborns (vulnerable populations increase reproductive activity).
2. There exist sex differences in the reproductive success of exposed individuals as certain toxic metals act more on the reproductive capabilities of males while other affect the females more.
3. Unexposed mothers take better care of their offspring than the exposed ones.
4. Low doses of certain toxic heavy metals, including mercury and lead, may have hormetic effects.
5. Some heavy metals, including cadmium, may exhibit essential characteristics related to reproductive success in animals.
6. There is an indication that epigenetic mechanisms are involved in the adaptation to a background with low levels of toxic heavy metals.
Further studies are required to support the above conclusions. Obtaining detailed knowledge of the relevant processes and their precise mechanisms can significantly contribute to the reproductive success of vulnerable populations.
